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« Testbed over view and plan
 Recent OMC testbed results
— Milestone 9
— HLC wavefront control with 3 bandpass filters
— Coronagraph contrast sensitivity to WFE
— Testbed contrast drift
— Focus correction residual contrast
 Recent IFS/SPC testbed results
e Summary



@ comamsu VR ST CGl Technology Testbeds Overview

 Milestone 9: successfully passed the MS9 follow up review on Jan 27

« Key milestones for FY 17 concentrate on flight like configurations and

operations:

Milestones Milestone Status | Comments
Date

PISCES commissioning done. Calibration 12/31/2016 Done  InHCIT2
and data pipeline in place
Close out Milestone 9. 1/31/2017 Done  Review slides cleared
HLC wavefront control with <=3 bandpass 3/31/2017 Done  InHCIT1, 3 bandpass done
filters (# engineering filters for flight). and has reached ~4e-9
Demonstrate simultaneous EFC and 5/31/2017 In HCIT1
LOWFS/C operation.
SPC wavefront control using PISCES IFS. 5/31/2017 Started In HCIT2,
18% band high contrast.
Demonstrate SPC disc science mask 9/30/2017 Design In HCITZ2, design in progress
performance with the imager, 6.5-20 I/D. finished
Low light (low SNR) OMC tests 12/31/2017 In HCIT1, current testbed drift

investigation will be important
for this task
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 To address the tall tent pole issues on the testbed results which
are important to WFIRST CGlI

1. Match the testbed results to testbed model: coronagraph contrast sensitivity
2. Understand testbed Z4 residual and improve the DM correction loop performance
« coronagraph contrast sensitivity
« DM actuator gain calibration error
» Testbed stability / drift: thermal / long DM actuator settling time
3. Understand the testbed contrast stability and drift
» Testbed thermal stability
« DM actuator long settling time
4. Match the testbed results to the design model
« Use the design DM solution to improve the through put and improve the
sensitivity
« Match the tested sensitivity to the design model performance
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Generated, ranked, linked, and prioritized the
testbed task list

Technical development

CGl system engineering support
Operational efficiency improvement
Near term plan/activities on OMC testbed
HLC EFC with 3 band filter

— Understand and minimize post correct Z4 residual
« Match Zernike WFE Sensitivity to testbed
model and understand the discrepancy

Understand testbed coronagraph contrast drift
Improve throughput & sensitivity to match the
design

Near term plan/activity on IFS/SPC testbed
Prepare testbed HW & SW

EFC dark hole digging using IFS

Design / fab disk science SPC mask

Near term plan/activities on VSG testbed

Finish TEMD task for Boston Micromachines DMs
(end of March)

Understand and improve DM actuator gain calibration
error

Investigate and test solutions for the DM actuator drift
/ long settling time issue

OMC Testbed Hit List

D Task Description Driven by lm gy J_mf:‘) Comment & Result
Redo SPC/HLC Zernike sensitivity calculations with best gainmaps
Ti0 }1 H ¥ P
ilable
Make a decisi evert Option 2, and do the swap if
T T30 H N N
sary
Come up with a test plan to d ine what needs to be done to get
T17 the extent of the fina model (14 linear maps vs. per- 12 H N N
ull history model)
mation tests before OTA
T20 2 H ¥ ¥
7 Track down causes of al and correct them 12 H N [
T23 Track down drifts on MCB prior to OTA insertion 3 H N N
Get one of Dwight's low-|itter sensitivity DM solutions working on
26 1"n H N N
MCB
T30 install back OTA-S Ti1,722,723,T25 H N [
31 HLC LoS Jitter Sensivitity at mulitple planes 12 H ¥ Y SPC: email on 02/09/2017, HLC
model fmeasurement mismatch)
T34 Capture Pupil shear/magnification due to source/FA 12 H Y P
37 caus 1/60 Hz signal in SPC LOWFS H Y ¥
T38 Imple 120 Hz ringer for HLC 14 H N N
39 Resolve the LoS loop crash issue H N [
T40 longe term drift on SPC mode 13 H N N
To2 Get both chambers recertified ™ M N N
To4 Wrap all HCIT lines or replace them with opaque tubing (or both) " N N
t growth
T12 I an Iman filter module M N N
T16 update dark frame cal ion for Andors M N N
Design and fabricate a mask of 1. oles to go in the MCB FPM
T19 M N N email on 02/08/2017
PO BTy DS T EC TS TS WITIT T UOSCUT SO T e trve
™22 opportunity exists {remove pupil obscuration, keep option-1 12 M N N
T24 Test Dwight's new mask (non-circularly-symmetric) 15 M N N
N email on 02/12/2017 (updated
25 Fix OTA-2 wire M N N from 02/07/2017)
127 M N N
128 M N N
T29 M N N Eric, Comment on this.
33 35 M N [
T35 M N N
36 T35 M N N
Tal M N N
T42 13 M N N
T43 the STABLE box cross talks M N N
1o i re HCIT code (efc/, efc/util/, efc/config/func, L ¥ "
L7A xtern/ functions used by testbed)
T03 Update HCIT-150P b t/pump proced L N [
ToS Rearran, g= EFC config to split into model and thif parts L ¥ N
T06 set up embedding of DMs in images L Y N
o7 Move Aerotech to rack on HCIT-1 L N N
To8 Install new remote power strip and write control (as necessary) L N N___lemail on 02/07/2017 from Joory
T09 Revive Jordan's watchdog software T8, T13,T14 L N N
Install APC card in gullinbursti to monitor UPSes and import code
13 L N N
from HCIT2 for this
Ti4 nstall second large UPS in MCB rack L N N
T15 Install turbopump on HCIT-1 L b N
Put together a plan to flat-field Andor detectors (not necessarily in-
Ti8 | situ) or & method to get data showing we don't need to (if we want L N N

to go that route)
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SPC: Open and Closed Loops HLC Open and Closed Loops
+= —— Closed Loops 0 —— Closed Loops
8 — .| —— Open Loops v~ —— Open Loops
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%) 10° Contrast i | T 10° Contrast. |
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Time (min) Time (min)
Contrast, all bands Contrast: 1.60e-09
4.34e-09

Best SPC Static Contrast
(10% at 550nm)
Best HLC Static Contrast
(10% at 550nm)
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fporasen ey HLC EFC with Three Wavelength Bands €Es38

e Test Configurations Contrast: 4.28¢-09
— Three bands (528 nm, 550 nm, 572 nm) nulling %
* Note that current OMC HLC occulter is designed at 550 nm. g =
— 4 % bandwidth (22 nm) for each band = g
e More aggressive configuration than current engineering filter ST
bandwidth of 3.3 %. O
— @©
— Initial DM solution for EFC: DM flat.
e |tis the most aggressive initial condition. This is to confirm EFC -10 0 10
works even with this extreme condition. AD
NI at 528 nm NI at 539 nm NI at 550 nm NI at 561 nm
5.74e-09 (1.46e-07) 3.55e-09 (6.16e-08) 3.31e-09 (3.90e-08) 3.10e-09 (3.29e-08) NI at 572 nm
< ‘ 3.64e-09 (3.35€-08)
2 S
ga -' m
g -
: 2
g m

-5 0 5 10
A/D at 550 nm

Control band Control band Control band
e Results:

— Both the final 10 % contrast and its Zernike WFE sensitivity are consistent with those of normal 5
bands EFC.

— Bandwidth of the bands does NOT affect the end-result if the bandwidth is 2% ~ 4 %.
— Two-bands operation could NOT produce 5 band-consistent results.



@ ooty Contrast Sensitivity To WFE

e Understand the coronagraph contrast
sensitivity to WFE modes

e Compare with model prediction

— Key component for coronagraph design,

. SPC NI Zernike Sensitivity per 1nm RMS WFE (3/14/17)
10 F I \ T T T J \ T T q

i :
requirement, and science performance % 5 : '
evaluation z
£10° .
 Testbed tests (HLC and SPC): = / , w/
3 -
— Start with a good coronagraph (NI< 1e-8) ”L;: B | |
— Scan each WFE mode (22 —Z11) with varying | = 10“’://‘ _________ ol s Docian Mool e Pupil Phote) | 1
am p|ItUde = Measured (22-Z3 via Occulter Offset)
I - S =3¢=:Design Model (Z2-Z3 via Occulter Offset) |
e Multiple ways to generate 72, 73, Z4 s \ —#--Measured (Z4 via Source Motion)
al N ¢ Measured (Z2-Z3 via Jitter Mirror)
e UseDM2forz4-711 105 \ 2 5 6 = 5 ° 0 11
— Quadratic fitted coefficient (lower right) Zernike Mode (Noll Order)
measures the contrast sensitivity to WFE  165PC Z2: ANI = 1.1e-10 per 1nm rms E. Cady
(upper right) ‘ | ‘ ‘ | '

e The testbed data matches the model
prediction well

— The large discrepancy from DM generated Z2
and Z3 is caused by DM actuator gain
calibration error

11| —e—Measured
—Fitted

-30 -20 -10 0 10 20 30
WFE (nm)

JM Injected Z2 Test

— HLC’s match is not as good and test is on going




@ zimmnizy A dypical’ Dark Hole Drift

%1078 Contrast, 04-Mar-2017

—Contraslt 3-9
NI 3-9

e Test Configuration 7

— HLC mode 6F
— Just after EFC overnight 5}

— LOWES LoS Closed-loop @ 4]

e FSM and JM strain gauge on :%3_

e Test results: A

— Even with LoS loop closed the
coronagraph contrast degraded over L

the time 0 | . | . |
21:00 00:00 03:00 06:00 09:00 12:00 15:00
— Morphology of the dark hole indicate Time
the “drift” is not from low order WFE B-J. Seo

— Post drift EFC control shows that a few
DM actuators motions are dominated
the contrast degradation.

e Diagnosis:

— Some of DM actuators have a very
long stroke settling time (hours) to a
commanded voltage changes



aen Understand Post Z4 Correction Contrast Residual@

e Test Configuration
— HLC contrast is measured while the wavefront focus (Z4) is scanned
— Wavefront focus (Z4) are varied by (1) source Z motion and (2) DM #2 focus
e Source Z motion generate true WF focus

— LOWEFS LoS Closed-loop to stabilize the line-of-sight drift
B-J. Seo

e Test results T

— The DM 74 3-5L
compensation does
not perfectly recover
the contrast degraded
by source Z motion

— Therefore the DM did 2 i
not create a Z4 that
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@ o IFS/ISPC Testbed: HW and SW Improvement

* Pupil illumination uniformity  |IFS dark image:

improved with new MDL Pinhole stray light gone

IFS/SPC Pupil Image
100

150

200

250

300

8
7
6
5
4
3
2
1

150 200 250 300 350
Min=347.00, Max=114842.00

IFS Slice at 660nm| SPC Cam Image

 |FS data taken / process
software stream lined

« EFC control (dark hole
digging) with IFS has started

11



Jet Propulsion Laboratory
California Institute of Technology

]

IFS/SPC Testbed

IFS Camera & SPC Imager Pixel
Scale are Well Matched

IFS Pix Scl =

T

3.40 pix per A/D
@ 660nNm

09+

©

0.8+

Source Spectral Calibration at
IFS Entrance

N DM DD N D D o=

0 =

580 600 620 640 660 680 700 720 7ao0 760
Wavelength

: Calibrations b= =
C. M. Prada

IFS Photometric Calibration

SPC PSF

DM Sine Poke at 6 A/D

12
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« WFIRST CGI technology testbeds continue to improve the CGI
technology

— On track to meet the milestones for FY17

« Testbed results and model verification provide key support to CGI

system engineering OMC Testbed Hit List

D# Task Description Driven by WM “&“&"l :":’? Comment & Result
10 Redo SPC/HLC Zernike sensi ivi " " N N
M - | t . FY 17 ReH T30 H N N
Milestones Milestone Comments g i I I
Date - . e [
PISCES commissioning done. Calibration 12/31/2016  Done  In HCIT2 = e R T [ [
and data pipeline in place = = E B
T38 [ 0 Hz ri 4 H N N
Close out Milestone 9. 1/31/2017 Done  Review slides cleared T ongs e e oo o 5 AW
. To2 Get rtified T M N N
HLC wavefront control with <=3 bandpass 3/31/2017 Done  In HCIT1, 3 bandpass done W LT T
filters (# engineering filters for flight). and has reached 5e-9 g siie e W
Demonstrate simultaneous EFC and 5/31/2017 In HCIT1 T M (RN et omozieony
LOWFS!C Operation. 22 oppartunity exists (remove pupil cbscuration, keep option-1 12 ™ [ N
SPC wavefront control using PISCES IFS. 5/31/2017  Started In HCIT2, 2 | [ e et enoeiaon e
18% band high contrast. o T
Demonstrate SPC disc science mask 9/30/2017  Design In HCIT2, design in progress = s
performance with the imager, 6.5-20 I/D. finished i T
Low light (low SNR) tests 12/31/2017 In HCIT1, current testbed drift - 2 —
investigation will be important R
for this task o 1 s [
TOB Install new remote powe: ip and write :nnv-u\ (as necessary) L N N femail on 02/07/2017 from Joory
TO9 Revive Jordan's T8,T13,T14 L N N
s Install APC card in gullinbursti ta monitor UPSes and import code R - "
from HCIT2 for this.
Tia Install second large UPS in MCB rack L N N
T1s install turb: HCIT-1 L Y N
Put together a plan to flat-field Andor detectors (not necessarily in-|
situ) or & method to get data showing we don't need to (if we want N N
g3t rote 13
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@ somenzzy HLC Contrast Sensitivity to WFE

Zernike WFE Sensitivitiy
A Nl per 1 nm rmsWFE

(A) Testbed measurement using DM2

(B) Testbed measurement using NO DM
(JM, occulter shift for Z2/3, Source Z
for z4)

(C) Control Model prediction

1) Testbed w/ DM2 (run473/it752)

2) Testbed w/ DM2 (run473/it1752)
23; Model w/ A E, A V at NI=6.85e-09
4
3
6

—i=
. e 2o ——
(D) Design Model prediction —
Model w/ A E Pure Zernike at Pupil |
Model w/ DM (Design-20150818-496) 1
B wo/ DM occulter JM, source Z) 1

e

-11 | | |
Observation & Question %3 4 s 7 8 9 10 11

Zernike NoII Mode [nm rmsWFE]

e P1: Discrepancy between (A) and (B/C) is due to “DM-related errors”
(gain or mis-registration, etc), which is estimated here about 5E-9 per 1
nm RMS. So, 72,3,4 in (A) are dominated by this DM-related errors. This
error seems spatially uncorrelated errors to introduced similar offset to

22,3,4. > All e All: Understand Z4 residual using DM
e P2 :Discrepancy between (B) and (C/D) = Al2

e P3:Similarin (C) v.s (D) except Z2/3. Off-axis control difference? =»Al2

Action items

e Al2 : Understand Design/Control model

' . , _ vs Testbed
e P4 Jitter requirement using (B) should be a good/conservative value for
budgeting purpose for now. e Al3: Re-measure (B) with better dark
e P5:“Eoissue” : Ctrl model Eo when Testbed has a good dark hole. hole.

Normally > 2E-4. =» Al3




Comparison of Design and AFM of Fabricated Occulter
E-beam Jobs: AHLCNI18 + AHLCMCB3

Dwight Moody’s ‘Run188’ Design AFM of Row 3, Col 2 Occulter

OCC_RUN188 Design Height (um): max = 0.5454 um AHLCMCB3_R3C2_LEVEL2 AFM Height (um): max = 0.5023 um

80

70

60

50 103

y (um)

40

y (microns)

40.2

30

20

0 20 40 60 80 100 120 » 0 10 20 30 40 50 60 70 80
X (microns) X (um)

» Plotted both with same color scale (set zero height at the top of the nickel dot to
show dielectric thickness)

» Dielectric (PMGI resist) thickness error is about -8% based on max heights

» Profile looks generally faithful to the design (working on more detailed
comparison) but resist is somewhat rough
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caomamanaeor eomooey CUTTENT Modified OTA Simulator: MS9

» F/33.3 injection with 60" OAP: significantly reduced (~5X) pseudo star size
* MDL pinhole: thin, non-metallic, etched in silicon at MDL, excellent dimension and edge
* Pinhole on a stage with a linear motor for focus disturbances.
* Scale =1 nm RMS focus / 32 um linear motor motion
» A freestanding pupil mask in collimated beam, replacing the OTA Telescope
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« Use a pair of OAP (30” and 6”) to relay the pinhole image to the focus of miniature WFIRST
telescope: significantly reduced (~5X) pseudo star size

« MDL pinhole: thin, non-metallic, etched in silicon at MDL, excellent dimension and edge

« Keep the functionality of the original OTA Simulator but with the reduced pseudo star size
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